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Effect of Motorized Scooters on Quality of Life and
Cardiovascular Risk

Brian W. Zagol, MDa,*, and Richard A. Krasuski, MDb

Physical inactivity increases cardiovascular risk. The possible adverse effects of regular
motorized scooter use, recently popularized for patients with physical limitations, has not
been previously examined. We performed a single-center, retrospective cohort study of 102
consecutive patients who had obtained medical approval for, and subsequently received, a
motorized scooter during a 6-year period. The clinical data were collected for the 12 months
before and after the intervention. Surveys assessing 11 different facets of health-related
quality of life were returned by 28% of patients. The patients receiving a scooter were
68 � 19 years old, and 55% were women. The medical indications for scooter use, by
decreasing frequency, were disabling arthritis, chronic lung disease, neurologic disorders,
and heart failure. Patients returning the surveys estimated scooter use at a median of 4
hours/day, with walking confined to 30 min/day. Despite significant physical and psycho-
logical improvements in all quality-of-life categories (p <0.001), the fasting blood glucose
increased from 119 � 39 to 133 � 49 mg/dl (p � 0.009), hemoglobin A1c increased from
6.3 � 0.8 to 6.8 � 1.2 (p � 0.019), and 18.7% of patients developed diabetes during the
follow-up period. No significant changes in blood pressure were noted, although 20% of
patients required additional antihypertensive medication. Despite improvements in total
and low-density lipoprotein cholesterol over time, 50% of dyslipidemic patients required
either an increase medication dose or additional medications during follow-up. In conclu-
sion, interventions, such as scooters, that improve self-perceived quality of life, can have
detrimental long-term effects by increasing cardiovascular risk, particularly insulin resis-
tance. Physicians should carefully weigh such risks before approving their use, as well as
ensure healthy levels of activity afterward. Published by Elsevier Inc. (Am J Cardiol 2010;

105:672–676)
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In recent years, motorized scooters or platform-motor-
zed wheelchairs have been popularized as a method of
mproving the quality of life of patients through im-
roved mobility. Physicians regularly prescribe these de-
ices, despite little evidence supporting a benefit and
ith great expense to patients and the healthcare system

n general. A review of MEDLINE from 1969 to the
resent with the search criteria “motorized wheelchair
R scooter OR platform motorized wheelchair” failed to

eveal any studies documenting that these devices were
ffective in improving the quality of life of the patients
ho received them. In addition, it is unclear whether by
roviding platform motorized wheelchairs, physicians
re further promoting inactivity and inadvertently in-
reasing patients’ cardiovascular risk. A single-center,
etrospective, cohort study was therefore designed to
ssess the effect of motorized scooter use on patient-
erceived quality of life. The study was also designed to
xamine how these devices, which have the potential to
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educe the level of physical activity, affected the well-
stablished cardiovascular risk factors.

ethods

All patients who receive motorized scooters at Wilford
all Medical Center and Brooke Army Medical Center in
an Antonio, Texas require previous approval from the
hysical medicine and rehabilitation department. All con-
ultations placed to that department for platform motorized
heelchair devices during a 6-year period (June 1998 to

une 2004) were reviewed. From this group, a final cohort
f 102 patients was identified who had been medically
pproved and had received a scooter during this period. Our
nstitutional review board fully reviewed and accepted the
rotocol under exemption status.

An 11-item survey (Figure 1) was mailed to each
atient, and they were given the option to withdraw their
articipation from the study at that time. Because no
ecognized survey tested for reliability and validity had
een previously developed to examine patients receiving
latform motorized wheelchairs or other mobility-assist
evices, a quality-of-life survey (Figure 1) was created
nder the guidance of our institutional review board. The
urvey was intended to evaluate the patients’ self-per-
eived changes in physical and psychological well-being
efore and after receiving the motorized scooter. In ad-

ition to collecting baseline demographics, the patients
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673Preventive Cardiology/Motorized Scooters and Cardiac Risk
ere asked why they had required a scooter and how
any hours per day they used the device. They were also

sked to quantify how many minutes they walked per day
nd how often they exercised in the year after receiving
heir scooter.

An intensive electronic and paper medical record review
as then conducted of each patient, and data were collected

rom the 12-month period before and the 12-month period
fter the date the patient had received a motorized scooter.
elevant cardiovascular data were collected, including body
eight and body mass index, cholesterol profile, office
lood pressure measurement, and fasting glucose level. Hy-
ertension was defined as actively taking antihypertensive
edication and/or a systolic blood pressure of �140 mm
g on �2 occasions. Dyslipidemia was defined as a total

holesterol level of 240 mg/dl or the need for lipid-lowering
herapy. Renal insufficiency was defined as a creatinine
learance of �60 ml/min.

Because medications can have a major effect on these
isk factors, we examined the absolute number of medi-
ines and the dosages of all hypertensive, diabetic, and
ipid-modifying drugs during these periods. By collecting
ata for the 12 months proceeding scooter implementa-
ion, we were able to establish a baseline of cardiovas-
ular risk factors and assumed that any changes in the
ubsequent year would most likely reflect lifestyle
hanges resulting from use of the device. If more than
ne measurement was available during the examined
eriods, the levels were averaged, and the average value

Figure 1. Survey used to assess changes in q
as used for the purposes of the analysis. (
Electronic and chart data were collected into 2 separate
preadsheets by different reviewers, and any differences
ere resolved by a re-examination of the raw data. In the

are event of missing data, the analyses were performed
nly for those patients with paired data (data from blood
ests performed both before and after scooter use). The data
ere compiled and analyzed using a statistical software
ackage (Statistical Analysis Systems, version 8.2, SAS
nstitute, Cary, North Carolina). A comparison of the
ontinuous variables was performed using paired and
-sample t testing and a comparison of dichotomous
ariables using the chi-square test or Fisher’s exact test,
s appropriate. A comparison of noncontinuous variables
as performed using the Wilcoxon signed rank test. Data

re presented as the mean � SD for continuous variables,
s the number (percentage) for dichotomous variables,
nd as the median and range for noncontinuous variables.
Values �0.05 were considered statistically significant.
or multiple comparisons of laboratory values, a Bonfer-
oni adjustment was used.

esults

From June 1998 to June 2004, 102 patients were
dentified who had received medical approval for, and
ubsequently received, a motorized wheelchair. The med-
cal indications for scooter use by decreasing frequency
ere disabling arthritis (39%), chronic lung disease

25%), neurologic disorders (18%), and heart failure

f life resulting from motorized scooter use.
14%). Of the 102 patients in this cohort, 29 returned
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ompleted surveys and estimated their scooter use at a
edian of 4 hours daily (range 1 to 10), with walking

onfined to 30 min/day (range 0 to 300) and formal
xercise to a median of 6 min/day (range 0 to 60). All but
patient were still regularly using the scooter at fol-

ow-up completion. The baseline clinical characteristics
f the population are listed in Table 1.

Of the 102 patients, 29 (28%) returned the quality-of-life
urvey sent to their mailing address. On a scale from 1
“very poor”) to 10 (“excellent”), a statistically significant,
elf-perceived improvement was noted in all quality-of-life
acets tested, with the exception of improvement in the
bility to perform their job (all patients surveyed reported
hey were no longer employed). The results of the survey
re summarized in Figure 2. The patients generally re-
orted a near doubling in their quality-of-life scores, with
he most notable improvements seen in overall physical
ealth (improving from a median of 3 to a median of 6,
�0.001), the ability to go shopping (improving from 2

o 7, p �0.001), and overall self-perceived quality of life
improving from 3 to 8, p �0.001). Every patient return-
ng a survey reported that the scooter had improved at
east one facet of their quality of life, and no patient
eported worsening in any single component of their
hysical or mental well-being.

The results of the cardiovascular risk assessment before
nd after scooter implementation have been summarized in
igure 3. No difference was found in body weight during

able 1
aseline clinical and demographic characteristics

ariable
n � 103)

Value

ge (years) 68 � 18
eight (lb) 184 � 36
en 45%
ypertension 58%
yperlipidemia 30%
iabetes 38%
ctive smoker 14%
revious smoker 35%
nown coronary artery disease 40%
enal insufficiency 23%

igure 2. Results of quality-of-life survey. Patient self-described abilities to
erform vital life activities before and after receiving scooters. *p �0.05.
OL � quality of life.
he study period (183 � 36 at baseline and 183 � 32 lb after f
eceiving the motorized scooter). The fasting glucose level
ncreased from 119 � 39 mg/dl at baseline to 133 � 49
g/dl during follow-up (p � 0.008), hemoglobin A1c in-

reased from 6.3 � 0.8 to 6.8 � 1.2 (p � 0.019), and the
revalence of diabetes increased from 38% to 57% (p �
.010). The systolic blood pressure did not appreciably
hange after receiving the scooter (127 � 17 to 131 � 22
m Hg, p � 0.49), but 20% of patients with hypertension

t baseline required the addition of new blood pressure
edications or increased dosages of their existing blood

ressure medications during the follow-up period. In these
atients, the median number of antihypertensive agents in-
reased from 1.5 � 0.7 to 1.8 � 0.9, (p � 0.02). Total
holesterol decreased from a mean baseline of 188 � 43
g/dl to 177 � 40 (p � 0.004) and low-density lipoprotein

holesterol decreased from 101 � 30 to 89 � 29 mg/dl
p � 0.002). However, this occurred in the context of 30%
f patients having increased the dosage of their baseline
ipid medications, 10% of patients beginning statin therapy,
% starting a fibrate, and 4% who initiated niacin therapy.
riglycerides (179 � 96 to 170 � 107 mg/dl, p � 0.44) and
igh-density lipoprotein cholesterol (51 � 20 to 56 � 37
g/dl, p � 0.27) did not change appreciably.

iscussion

Our results have demonstrated for the first time that
he use of a modern medical convenience, a motorized
cooter, might have a detrimental effect on insulin resis-
ance and other established cardiovascular risk factors.
his occurred despite the perception from patients that
cooter use improved their overall quality of life. It is
mportant to recognize that for some patients, particularly
hose with degenerative neurologic disorders, a scooter
ight greatly facilitate the necessary activities of daily

ife. In these patients, the use of a scooter is unlikely to
egatively affect their overall physical activity and is
herefore unlikely to greatly alter their cardiovascular
isk. It is probable that the exclusion of these patients

igure 3. Results of cardiovascular risk assessment. Measured laboratory
alues and systolic blood pressure before and after patients received scoot-
rs. All measures in mg/dl except for systolic blood pressure (mm Hg).
p �0.05. BP � blood pressure; HDL � high-density lipoprotein; LDL �
ow-density lipoprotein.
rom the analysis would have further strengthened the
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675Preventive Cardiology/Motorized Scooters and Cardiac Risk
egative effect of the diminished physical activity result-
ng from scooter use. Despite the inherent limitations of
elf-reporting, patients generally noted very little physi-
al activity after receiving their scooters. Also, for 3 of
he 4 most common primary indications listed for scooter
se in our cohort (ie, arthritis, chronic lung disease, and
eart failure), regular physical activity has previously
een shown to improve the clinical outcome.1–3

Physical activity is known to have multiple metabolic
nd cardiovascular effects. In patients with type 2 diabe-
es, moderate, regular exercise, even without weight loss,
as several effects on muscle function that improves
nsulin sensitivity,4 including an increase in the quantity
f mitochondrial enzymes and “slow-twitch” muscle fi-
ers,5 the development of new muscle capillaries, and an
ncrease in the translocation of insulin responsive glucose
ransporters that promote glucose uptake.6 A meta-anal-
sis of controlled trials examining the effect of exercise
n patients with type 2 diabetes found that exercise train-
ng reduced hemoglobin A1c values by 0.7% and im-
roved glycemic control in the absence of significant
eight loss.7 Exercise has also been shown to have an

ndependent graded effect on cardiovascular outcomes in
atients with type 2 diabetes.8 In our study, almost 1/5 of
ur patients developed diabetes after 1 year of reduced
hysical activity. Regular exercise has been shown to
ignificantly decrease both systolic and diastolic blood
ressure, independent of weight loss.9 Although the
echanism responsible for this finding is not completely

nderstood, exercise reduces the circulating levels of
orepinephrine and has been shown to augment endothe-
ium-dependent vasodilation through increased produc-
ion of nitric oxide.10 In our study, reduced activity in our
atients with hypertension patients resulted in 20% re-
uiring up titration of their antihypertensive medication.
xercise, together with diet, has been shown to increase
erum high-density lipoprotein cholesterol, high-density
ipoprotein 2 cholesterol, and apoliprotein A-1 concen-
rations compared to diet alone.11 The possible mecha-
isms include an increase in lipoprotein lipase activity
nd reduced hepatic lipase activity,12,13 and a reduction
n cholesteryl ester transfer protein concentration, and an
levation in serum lecithin cholesterol acyltransferase
oncentration.14,15 Exercise also reduces serum triglyc-
rides and total serum cholesterol and might also de-
rease low-density lipoprotein cholesterol concentra-
ions.16 The latter effect appears quite small, but it might
ave a greater effect on the chemical composition of the
ow-density lipoprotein molecule with increased low-
ensity lipoprotein-free cholesterol, cholesterol ester,
nd phospholipid content.17,18 Because our study was
imited to traditional lipid panel measures, it is possible
he latter changes were missed. The total cholesterol
evels actually decreased in patients receiving scooters,
lthough changes in the National Cholesterol Education
anel guidelines occurred during our study and likely
esulted in more aggressive therapy.19,20 Supporting this
heory is that 50% of all of our patients required either
he start of new lipid-modifying medications or increases
n the doses of their medications during the follow-up

eriod.
Our study had some inherent limitations. It was retro-
pective, and no control group was involved. A prospective,
andomized, controlled study of cardiovascular risk and
uality-of-life factors in patients receiving motorized scoot-
rs should be considered on the basis of our results. Our
uality-of-life survey had not been previously studied to
ssess its reliability and validity, although we made every
ffort to make it effective by basing it on a previously
ecognized quality-of-life instrument (Minnesota Living
ith Heart Failure Questionnaire) and developing it with

hird party guidance from our institutional review board.
inally, trying to determine objective changes in cardiovas-
ular risk factors was difficult in the present study. First, a
-year period is a short interval for assessing changes in
ardiovascular risk (although we purposely kept the fol-
ow-up period short to ensure that any changes predomi-
ately resulted from the scooter intervention and not natural
isease progression). Second, all of our patients received
ood primary follow-up care and medications were added
nd up titrated, obviating some of the adverse effects related
o inactivity.

1. Belardinelli R, Georgiou D, Cianci G, Purcaro A. Randomized, con-
trolled trial of long-term moderate exercise training in chronic heart
failure: effects on functional capacity, quality of life, and clinical
outcome. Circulation 1999;99:1173–1182.

2. Fisher NM, Pendergast DR. Effects of a muscle exercise program on
exercise capacity in subjects with osteoarthritis. Arch Phys Med Re-
habil 1994;75:792–797.

3. Ries AL, Kaplan RM, Limberg TM, Prewitt LM. Effects of pulmonary
rehabilitation on physiologic and psychosocial outcomes in patients
with chronic obstructive pulmonary disease. Ann Intern Med 1995;
122:823–832.

4. Devlin JT. Effects of exercise on insulin sensitivity in humans. Dia-
betes Care 1992;15:1690–1693.

5. Henriksson J. Effects of physical training on the metabolism of skel-
etal muscle. Diabetes Care 1992;15:1701–1711.

6. Rodnick KJ, Holloszy JO, Mondon CE, James DE. Effects of exercise
training on insulin-regulatable glucose-transporter protein levels in rat
skeletal muscle. Diabetes 1990;39:1425–1429.

7. Boule NG, Haddad E, Kenny GP, Wells GA, Sigal RJ. Effects of
exercise on glycemic control and body mass in type 2 diabetes mel-
litus: a meta-analysis of controlled clinical trials. JAMA 2001;286:
1218–1227.

8. Gregg EW, Gerzoff RB, Caspersen CJ, Williamson DF, Narayan KM.
Relationship of walking to mortality among US adults with diabetes.
Arch Intern Med 2003;163:1440–1447.

9. Duncan JJ, Farr JE, Upton SJ, Hagan RD, Oglesby ME, Blair SN. The
effects of aerobic exercise on plasma catecholamines and blood pres-
sure in patients with mild essential hypertension. JAMA 1985;254:
2609–2613.

0. Goto C, Higashi Y, Kimura M, Noma K, Hara K, Nakagawa K,
Kawamura M, Chayama K, Yoshizumi M, Nara I. Effect of different
intensities of exercise on endothelium-dependent vasodilation in hu-
mans: role of endothelium dependent nitric oxide and oxidative stress.
Circulation 2003;108:530–535.

1. Wood PD, Stefanick ML, Williams PT, Haskell WL. The effects on
plasma lipoproteins of a prudent weight-reducing diet, with or
without exercise, in overweight men and women. N Engl J Med
1991;325:461– 466.

2. Despres JP, Lamarche B. Low-intensity endurance exercise training,
plasma lipoproteins and the risk of coronary heart disease. J Intern
Med 1994;236:7–22.

3. Thompson PD, Cullinane EM, Sady SP, Flynn MM, Bernier DN,
Kantor MA, Saritelli AL, Herbert PN. Modest changes in high density
lipoprotein concentration and metabolism with prolonged exercise

training. Circulation 1988;78:25–34.



1

1

1

1

1

1

2

676 The American Journal of Cardiology (www.AJConline.org)
4. Marniemi J, Dahlstrom S, Kvist M, Seppanen A, Hietanen E. Depen-
dence of serum lipid and lecithin: cholesterol acyltransferase levels on
physical training in young men. Eur J Appl Physiol Occup Physiol
1982;49:25–35.

5. Seip RL, Moulin P, Cocke T, Tall A, Kohrt WM, Mankowitz K,
Semenkovich CF, Ostlund R, Schonfeld G. Exercise training decreases
plasma cholesteryl ester transfer protein. Arterioscler Thromb Vasc
Biol 1993;13:1359–1367.

6. Heath GW, Ehsani AA, Hagberg JM, Hinderliter JM, Goldberg AP.
Exercise training improves lipoprotein lipid profiles in patients with
coronary artery disease. Am Heart J 1983;105:889–895.

7. Houmard JA, McCulley C, Shinebarger MH, Bruno NJ. Effects of
exercise training on plasma androgens in men. Horm Metab Res

1994;26:297–300.
8. Williams PT, Krauss RM, Vranizan KM, Wood PD. Changes in lipopro-
tein subfractions during diet-induced and exercise-induced weight loss in
moderately overweight men. Circulation 1990;81:1293–1304.

9. Executive Summary of the Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel III). JAMA 2001;285:2486–2497.

0. National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III). Third report of the National
Cholesterol Education Program (NCEP) Expert Panel on Detection,
evaluation, and treatment of high blood cholesterol in adults (Adult
Treatment Panel III) final report. Circulation 2002;106:3143–

3421.


	Effect of Motorized Scooters on Quality of Life and Cardiovascular Risk
	Methods

	Effect of Motorized Scooters on Quality of Life and Cardiovascular Risk
	Results
	Discussion
	References


